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INTRODUCTION
Environmental protection has been one of the 
greatest interests to science and the general public 
in the recent decades. Contamination of both soil 
and aquatic surrounding constitutes a significant 
matter for the ecological balance [Gianfreda and 
Bollag, 2002]. The agricultural activities involv-
ing the spread of pesticides are one of the main 
anthropogenic causes that generate the soil pollu-
tion. The presence of these xenobiotic chemicals 
has gone up tremendously over the last decades, 
along with the increasing concern about their ad-
verse effects on human health. 
Linuron is a systemic, selective and substitut-
ed urea herbicide (phenyl-urea) used worldwide 
for pre- and post-emergence control of weeds in 
various agriculture crops. It forms a contaminant 
in soil (mainly adsorbed by the organic matter 
fraction of soil) and its residues have been de-
tected in surface and ground waters [Caux, 1998]. 
Metribuzin is a pre- and post-emergent herbicide, 
which is registered primarily for the manage-
ment of broad leaf and various grassy weeds of 
numerous agriculture cultivations. It is extremely 
soluble in water and moderates persistence in 
soils [Extoxnet, 1993], consequently, potential 
leaching and groundwater contamination can oc-
cur. Biodegradation is the main mechanism by 
which this chemical disappears from soil. Chlor-
pyrifos is a broad- spectrum organophosphate in-
secticide, commonly and widely used to protect 
against important insects on many crops world-
wide. It is highly absorbed by soil and constitutes 
a contaminant of drinking water. Significant lit-
erature denoted that an extended range of aquatic 
and terrestrial environment is possibly contami-
nated with chlorpyrifos [Yang et al., 2006] which 
has accelerated the general public interest to find 
a secure and cost-efficient approach to disposal 
or detoxification of chlorpyrifos residues in the 
infected areas.
The control of public health hazards inclu-
sive of pesticides remains an critical discipline 
of investigation. It is apparent that the microbial-
based methods of polluted environments provide 
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ABSTRACT
The capacity of five white rot fungi species to degrade linuron, metribuzin and chlorpyrifos when applied both as 
single pesticides and mixed together in different concentrations on nutritionally poor media was investigated. Our 
results suggested that Pleurotus ostreatus, Pycnoporus coccineus, Phlebiopsis gigatea and Τrametes versicolor 
showed a remarkable tolerance to the pesticides, in all media tested. The EC50 values presented a noticeable differ-
ence in the mixtures as compared with the individual ones. The minimum growth rate in the mixture was obtained 
by P. ostreatus whereas P. coccineus appeared to be more efficient than the rest fungal isolates, when cultivated in 
the soil extract medium. P. coccineus, P. gigantea and T. versicolor produce high levels of polyphenol oxidase, but 
only T. versicolor was capable of decomposing linuron when combined with metribuzin and chlorpyrifos. 
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a cost-effective opportunity to present remedia-
tion techniques [Singleton, 1994]. Bioremedia-
tion, which requires the use of organisms to neu-
tralize or remove contaminants, is a popular tech-
nology and has received increasing global con-
sideration as an efficient biotechnological method 
to purify the polluted regions [Singh et al., 2006; 
Ogunbayo et al., 2018].
The approach of using fungi for pesticide 
depletion from soils holds a critical guarantee 
since Phanerochaete chrysosporium, in 1985, 
was demonstrated as being capable of mineral-
izing some of crucial environmental pollutants 
[Sasek, 2003]. The lignin degrading enzymatic 
system of the white rot fungus was considered 
responsible for this capacity. Other white rot fun-
gal species, among them Trametes versicolor, 
were later characterized by a similar degrading 
ability [Sasek, 2003].
White rot fungi (WRF) are characterized by 
a number of benefits that may be exploited in the 
bioremediation techniques. As key components of 
their lignin-degrading structures are extracellular, 
these fungi can degrade insoluble chemicals sub-
stances such as lignin or a markedly diverse range 
of extremely steady or toxic ecological pollutants 
[Asgher et al., 2008]. Additionally, the substrates 
are fast colonized by the mycelial development 
and hyphal extension allows soil penetration, ap-
proaching the contaminants more efficiently than 
other microbes [Reddy and Mathew, 2001; Fra-
goeiro and Magan, 2008]. The aforementioned 
qualities may improve the natural, mechanical 
and enzymatic influence with the surroundings 
[Maloney, 2001]. In order to comprehend the de-
grading capability of WRF, it is essential to ex-
amine their ecological specialization. The above-
mentioned fungi, including the effectively de-
grading lignin species, constitute a physiological, 
rather than a taxonomic group [Pointing, 2001].
A significant amount of studies and reviews 
has been conducted about the degradation of 
pesticides in soils by WRF; nevertheless, most 
of these studies have only focused on an indi-
vidual contaminant pesticide [Getenga et al., 
2000; Koroleva et al., 2015]. However, under 
actual agricultural practices, pesticides are more 
commonly found in mixtures and possible in-
teractions can occur with the soil systems [Chu, 
2008]. Therefore, the research should be focused 
on the pesticide combination as well as on the 
applications of different concentrations as the 
degradation behaviour of an individual pesticide 
may be altered in the mixture.
The objectives of the present study were 
to investigate the capability of Phanerochaete 
chrysosporium, Pleurotus ostreatus, Pycnoporus 
coccineus, Phlebiopsis gigantea and Τrametes 
versicolor cultured in different nutritionally poor 
media on the tolerance to the pesticides linuron, 
metribuzin and chlorpyrifos individually and as 
a mixture, the enzyme production of the above-
mentioned fungi and the differential breakdown 
of the pesticides mixtures.
MATERIALS AND METHODS
Fungal Inoculants
The WRF isolates, used in the present in-
vestigation and their reference number were: 
P. chrysosporium (R170), P. ostreatus (R14), 
P. coccineus (R180), P. gigantea (R174) and 
Τ. versicolor (R26). They were kept as plates 
on 3% malt extract agar (MEA) for up to 
two months at 4oC. 
Pesticides 
Analytical grades of each pesticide: linuron 
(1-methoxy-1-methyl-3 (3,4-dichlorophenyl) 
urea) MW:249.1, metribuzin (1,2,4-Triazin-5 
(4H)-one,4-amino-6-(1,1-dimethylethyl)-3-
(methylthio) MW:214.29 and chlorpyrifos (O, 
O-diethyl1 O-3, 5,6-trichloro-2-pyridyl phos)-
phorothioate) MW:350.62 were supplied by Sig-
ma Aldrich. Stock standards solutions containing 
2000 mg L-1 of each compound were prepared by 
dissolving accurately weighed amounts in metha-
nol and stored in darkness at 4oC. 
Media and substrates
The culture media used in this study were 
MEA and Minimal salts Medium Yeast (MMY) 
which is a Czapek modified salts medium and the 
exact ingredients were: MgSO4 0.5 g, NaNO3 2 g, 
K2HPO4 0.14 g, KCl 0.5 g, FeSO4 x 7H2O 0.01 g, 
Yeast 0.5 g, Agar 20 g in 1 L distilled water.
Soil extract preparation
The soil extract medium was prepared by 
mixing soil (pH 7.6, organic matter 1.12%, sand 
54.6%, silt 21.2% and clay 24.2%) and distilled 
water in a 1:1 (w/v) ratio, sterilized by autoclav-
ing at 121oC for 30 min, centrifuged and then 
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autoclaved again under the same conditions. In 
order to solidify, technical agar (2% w/v) was 
supplemented to the soil extract.
Fungi tolerance to pesticides
In order to access the tolerance of the five 
WRF species to pesticides, three approaches were 
conducted. At the first, MEA and MMY minimal 
salts medium were fortified with 10 mg L-1 of each 
of the chemicals linuron, metribuzin and chlorpy-
rifos alone, thoroughly mixed and spread on the 
molten agar. Subsequently, the fungi were cul-
tured in the MMY, which was modified by add-
ing 30 mg L-1 of the three pesticides separately 
or mixed at 15 (5 mg L-1 of each pesticide) and 
30 mg L-1 (10 mg L-1 of each pesticide). In the 
last approach, linuron, metribuzin and chlorpyri-
fos independently added to soil extract agar at 5, 
25 and 625 mg L-1 or as pesticide mixture in the 
rate 0–70 mg L-1 (total mixture content consisted 
of equal amounts of each pesticide). Aliquots of 
15 ml were poured into 9 cm Petri dishes. The 
fungal mycelia (disc 0.4 cm) of each isolate were 
transferred to all the plates and inoculated at 25oC. 
Three replicates per treatment were conducted. 
The fungal growth was estimated on a daily ba-
sis by diametric measurements (expressed in cm) 
of the colony at right angles to each other and 
recorded consecutively for 16 days. The radial 
growth rate and the inhibition percentage of the 
colony growth were obtained from linear regres-
sion slopes of the temporal growth curves. The ef-
fective dose of each pesticide for 50% inhibition 
of the fungal development (EC50 values), with re-
spect to the control cultures was determined for 
each isolate, in the soil extract agar. In all the as-
says, the temperature was 25oC, since this is rel-
evant to the Mediterranean region.
Pesticide analysis on soil extract liquid 
culture
The ability of the three fungal isolates P. coc-
cineus, P. gigantea and T. versicolor to degrade 
the pesticide mixtures of linuron, metribuzin and 
chlorpyrifos in soil extract liquid culture was de-
termined. The Petri plates (9-cm diameter) con-
tained aliquots of 16 ml of soil extract enriched 
with the three chemicals mixed at following lev-
els 0, 10, 20, 30, 40 and 50 mg L-1. A 6-mm agar 
plug of actively growing mycelium was inocu-
lated in each plate and incubated at 25oC, for 21 
days. Controls without fungus inoculation were 
run for comparison. There were three replicate 
dishes and control per pesticide/fungus treatment. 
After the incubation period, the mycelium was 
filtered through filter paper (Whatman No 1). The 
fresh filtrate used for pesticide quantification by 
HPLC. The pesticide remaining in the plates was 
determined and presented as a percentage. 
A quantitative analysis of the pesticides was 
carried out with a 2100 HPLC system equipped 
with a C-18 column (250×4 mm), a DAD detec-
tor and an auto sampler. They were eluted using 
an isocratic mobile phase of acetonitrile: water at 
a ratio of 60: 40, at a flow rate of 0.8 ml min-1 
and an injection volume of 20 μl. The total analy-
sis time was 8 min per sample, in a single HPLC 
run. Linuron was detected by UV absorbance at 
249 nm, metribuzin at 293 nm and chlorpyrifos 
at 251 nm. The retention times were 5.5, 3.2 and 
5.2 minutes, respectively, and the detection limit 
was less of 0.1 mg L-1 for the compounds ana-
lysed. The coefficients of determination (R2) of 
the calibration curves created for each pesticide 
in soil extract were higher than 0.99 for all the 
studied pesticides (Figure 1). 
Polyphenol oxidase assay
The tested fungi were centrally inoculated in a 
medium consisting of 1% tannic acid, 2% Czapek 
Dox modified salt and 2% of bacto-agar [Rigling, 
1995], enriched with linuron, metribuzin and 
chlorpyrifos individually at 10 and 20 mg L-1 and 
as a mixture in the same total concentrations were 
incubated at 25oC for 8 days. The formation of 
a brown coloration of the substrate around the 
colony suggested a positive activity of the fungi, 
which was measured by diametric estimations at 
right edges to each other. This reflected the lac-
case and catechol oxidase production.
Direct visualization of biological lignin 
degradation
In order to estimate the lignin degradation ca-
pacity of the isolates, the WRF were cultured in a 
lignin medium [Sundman and Nase, 1971] which 
was supplemented with total concentrations of 
the pesticides mixture (linuron, metribuzin and 
chlorpyrifos) of 0, 15 and 30 mg L-1 and sepa-
rately each compound at 30 mg L-1. The fungal 
isolates were inoculated in the centre of the plates 
and incubated at 25oC for 8 days. The clear zones 
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around the growth area of the fungi implied an 
intense lignin degradation.
Data handling and statistics
The data were submitted to the analysis of 
variance (ANOVA) using SPSS (version 11). 
Tukey’s test was performed for the comparison 
between means at the significant level p =0.05. 
Standard error of means is shown as vertical bars 
in the figures and indicated in tables as ±SE. 
RESULTS 
In vitro fungi tolerance to pesticides in 
different media
All the fungi tested in this study, presented 
a quite good growth on MMY in relation to the 
MEA. We observed a highly significant interac-
tion (p<0.001) between the pesticides and the 
fungi for all media. The Tukey’s test revealed that 
P. chrysosporium exhibited the optimum growth 
rate in the presence of 10 mg L-1 linuron, me-
tribuzin and chlorpyrifos when compared with 
the rest fungi, in all cases (Table 1).
Remarkably, the above-mentioned isolate 
was highly affected by the pesticides mixture 
(30 mg L-1 total concentration) as well as the 
same concentration of linuron, metribuzin and 
chlorpyrifos apart. More specifically, P. chryso-
sporium grew successfully on control treatment 
(1.09 cm day-1) whereas its growth rate decreased 
to 0.08 cm day-1 when the culture medium was 
treated with chlorpyrifos at dose of 30 mg L-1 and 
to 0.09 cm day-1 at 30 mg L-1 of the mixture (Ta-
ble 2). This fungal isolate showed high sensitivity 
to the tested pesticides although it was observed 
to have the capacity to metabolize a number of 
important toxic pollutants [Sasek, 2003]. The 
growth rate of P. ostreatus was not influenced by 
Plate 1.. Plate assay to assess potential ligninolytic activity of T. versicolor (B) in relation to the control (A).
Figure 1. Standard curves and r-squared values for a mixture of linuron ■, metribuzin ▲ and chlorpyrifos ♦ 
in soil extract
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the addition of metribuzin (30 mg L-1) compared 
with the control (0.38 cm day-1) whereas it was re-
duced to 0.13 cm day-1 under the pesticides mix-
ture (Table 2). The growth rate of all tested fungi 
was statistically significant and decreased with 
the increase of the concentration from 15 to 30 
mg L-1 of the pesticide mixture (Table 2); this in-
fluence depended on the presence of an individual 
or mixture of pesticides. 
Figure 2 displays the comparison of the 
percentage inhibition among the five fungal in-
oculants. P. chrysosporium was very sensitive 
in all pesticides individually as in the mixture 
of 30 mg L-1 of them showing 80–90% inhibi-
tion. P. ostreatus had a very good growth in 
metribuzin, almost 20% suppress in chlorpy-
rifos, while in linuron and the mixture of 30 mg 
L-1 presented a remarkable inhibition (>60%). 
P. gigantea showed about 20% inhibition in all 
treatments. The mixtures of all pesticides at to-
tal concentration of 30 mg L-1 were not notice-
ably influenced the growth of T. versicolor and 
P. coccineus. There were marked differences be-
tween T. versicolor and P. coccineus tolerance to 
the three different pesticides alone. Specifically, 
T. versicolor showed 50% inhibition in linuron 
and chlorpyrifos, while in metribuzin had no in-
hibition. P. coccineus also exhibited a remark-
able growth in linuron, while it showed an al-
most 20% and 45% inhibition to metribuzin and 
chlorpyrifos, respectively. 
WRF studies on soil extract 
P. ostreatus, P. coccineus, P. gigantea and 
T. versicolor were used in the soil extract studies 
due to the high sensitivity of P. chrysosporium to 
the mixture of linuron, metribuzin and chlorpyri-
fos. The growth of these fungal species on the soil 
extract is presented in Table 3. Linuron at 125 mg 
L-1 entirely inhibited the growth of all tested fungi 
while chlorpyrifos at 125 mg L-1 significantly de-
creased their growth. Contrariwise, in the same 
concentration of metribuzin T. versicolor ap-
peared very tolerant, P. gigantea and P. ostrea-
tus presented high sensitivity whereas the growth 
of P. coccineus was reduced bz almost 50%. As 
far as the pesticide mixtures are concerned, the 
Table 1. Growth rates (cm day-1) of the tested fungi on MEA (Malt Extract Agar) and MMY (Czapek salts modi-
fied medium) in the presence of 10 mg L-1 linuron, metribuzin and chlorpyrifos at 25oC. SE of means of three 
replicates was < ±0.01 at p<0.05.
Fungi
MEA
Linuron Metribuzin Chlorpyrifos Ctl
P. chrysosporium 1.35 1.57 1.42 1.55
P. ostreatus 0.33 0.68 0.52 0.69
P. coccineus 0.53 0.61 0.43 0.60
P. gigantea 0.66 0.90 0.81 0.89
Τ. vercicolor 0.72 0.79 0.78 0.78
MMY
P. chrysosporium 0.96 1.17 0.88 1.26
P. ostreatus 0.34 0.37 0.31 0.44
P. coccineus 0.44 0.41 0.27 0.48
P. gigantea 0.38 0.57 0.47 0.53
Τ. vercicolor 0.78 0.70 0.52 0.77
Table 2. Growth rates (cm day-1) of the tested fungi on MMY (Czapek modified salts medium) in the presence 
of 30 mg L-1 linuron, metribuzin and chlorpyrifos, individually and as mixture (15 and 30 mg L-1 total concentra-
tion) at 25oC. SE of means of three replicates was < ±0.01 at p<0.05.
Fungi Linuron Metribuzin Chlorpyrifos Ctl
mixture 15 
mg L-1
mixture 30 
mg L-1
P. chrysosporium 0.04 0.15 0.08 1.09 0.03 0.09
P. ostreatus 0.14 0.38 0.34 0.38 0.18 0.13
P. coccineus 0.55 0.43 0.28 0.53 0.48 0.45
P. gigantea 0.33 0.38 0.37 0.47 0.40 0.34
Τ. vercicolor 0.36 0.79 0.36 0.79 0.72 0.72
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growth rates of the tested fungi were decreased 
with their increasing concentrations (Table 3). 
The EC50 values of the pesticides that caused 
a 50% reduction of fungal growth, showed a no-
ticeable difference in the mixtures as compared 
with the individual ones. A 50% reduction of 
T. versicolor was noticed with 292.2 mg L-1 of 
metribuzin, while in the pesticide mixture the 
EC50 was decreased at 54.1 mg L-1. P. ostreatus 
had the lowest growth rate as in the mixture as 
in the linuron, whereas P. coccineus presented an 
elevated tolerance compared with the rest of the 
fungi (Table 4). 
The response of P. coccineus, P. gigantea 
and T. versicolor to degradation of the pesticide 
mixtures is provided in Table 5. Regarding linu-
ron, T. versicolor presented a remarkable ability 
to degrade it even in the highest concentration 
(50 mg L-1). Two different subsets were revealed 
according to Tukey’s test, the concentrations 10 
and 20 mg L-1 of the pesticides mixture belonged 
to the first and the rest (30, 40 and 50 mg L-1) 
Table 3. Growth rates (means ± SE, n=3) of the tested fungi incubated in soil extract agar supplemented with 
linuron, metribuzin and chlorpyrifos (0, 25, 125 mg L-1) and as a mixture (0–70 mg L-1) at 25oC. 
Pesticides Concentration (mg L-1)
Growth rate (cm day-1)
P. ostreatus P. coccineus P. gigantea T. versicolor
Linuron
0 0.3±0.00 0.5±0.01 0.6±0.01 0.7±0.01
5 0.3±0.03 0.5±0.01 0.6±0.01 0.7±0.00
25 N. G. a 0.4±0.00 0.4±0.01 0.4±0.01
125 N. G. N. G. N. G. N. G.
Metribuzin
5 0.3±0.00 0.4±0.00 0.6±0.01 0.7±0.02
25 0.3±0.00 0.5±0.01 0.5±0.04 0.7±0.01
125 0.1±0.01 0.3±0.00 N. G. 0.5±0.07
Chlorpyrifos
5 0.3±0.01 0.3±0.01 0.6±0.01 0.6±0.00
25 0.2±0.01 0.2±0.01 0.5±0.02 0.5±0.00
125 0.1±0.01 0.1±0.00 0.3±0.06 0.3±0.14
Mixture
10 0.3±0.01 0.5±0.01 0.6±0.02 0.6±0.02
20 0.2±0.01 0.5±0.01 0.5±0.02 0.5±0.00
30 0.1±0.01 0.4±0.02 0.5±0.00 0.5±0.01
40 0.1±0.02 0.4±0.01 0.4±0.05 0.5±0.01
50 N. G. 0.3±0.00 0.3±0.03 0.3±0.02
60 N. G. 0.3±0.00 0.4±0.02 0.3±0.02
70 N. G. 0.3±0.00 0.4±0.01 0.3±0.03
Figure 2. Mean growth inhibition (%) observed for the tested fungi growing in MMY (Czapek modified salts 
medium) supplemented with 30 mg L-1 of linuron, metribuzin and chlorpyrifos individually and as a mixture, 
at 25oC. 
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included to the second subset. The remaining (%) 
metribuzin was very high in all mixtures regard-
less of the tested isolates (Table 5). Significant 
differences in the degradation rates were ob-
served between the fungal isolates with regard to 
the tested concentrations of chlorpyrifos. P. coc-
cineus and P. gigantea had almost a 60% disap-
pearance rate while T. versicolor exhibited 85.7% 
at 10 mg L-1 of this pesticide. T. versicolor and 
P. gigantea failed to sufficiently degrade the high-
est concentrations of chlorpyrifos (30–50 mg L-1). 
P. gigantea and P. coccineus indicated very low 
degradation rates in all treatments (p=0.01).
Polyphenol oxidase production
The fungal isolates formed activity halos in 
all studied concentrations of pesticides without 
indicating significant differences between them. 
Polyphenol oxidase production by P. coccineus, 
P. gigantea and T. versicolor expressed as radius 
of enzyme activity halo is depicted in Figure 3. 
P. coccineus demonstrated an increased poly-
phenol oxidase activitył however, it was not 
significantly influenced by the dose of linuron 
(p=0.2), metribuzin (p=0.138) and chlorpyri-
fos (p=0.77) when applied separately, although 
in the case of their mixture, a relative decrease 
was noticed (p=0.036). P. gigantea exhibited 
the enzyme activity under the occurrence of the 
mixed pesticides (p=0.157) and linuron alone 
(p=0.163), irrespectively of their dosage. The 
concentrations of metribuzin and chlorpyrifos 
did not considerably influence the polyphenol 
oxidase composition (p=0.032 and p=0.018, re-
spectively). T. versicolor showed the greatest 
enzyme activity in almost all cases. The poly-
phenol oxidase formation was not influenced by 
metribuzin (p=0.422) whereas linuron, chlorpy-
rifos and the mixed compounds lowered the en-
zymatic activity (p<0.001). 
Lignolytic enzymes production
The present investigation was undertaken 
to examine the enzymes produced by the three 
fungal isolates P. coccineus, P. gigantea and 
T. versicolor as well as the potential impact of 
Table 4. Concentration of linuron, metribuzin and chlorpyrifos individually and as a mixture that causes a 50% 
reduction in fungal growth (EC50 values) of the tested fungi growing on soil extract agar.
Fungi
Linuron Metribuzin Chlorpyrifos Mixture
Concentration (mg L-1)
P. ostreatus 35.1 101.2 79.6 27.9
P. coccineus 64.7 123.5 61.1 75.5
P. gigantea 62.6 95.2 106.2 51.7
T. versicolor 63.9 292.2 107.4 54.1
Table 5. Linuron, metribuzin and chlorpyrifos remaining (%) (means ± SE, n=3) in soil extract, initially supple-
mented with a mixture of pesticides of 10–50 mg L-1, after 21 days of incubation at 25oC.
Pesticides
Initial concentration of 
mixture (mg L-1)
Remaining pesticide (%)
P. coccineus P. gigantea T. versicolor
Linuron
10 68.8±9.6 73.9±2.7 14.5±5.8
20 71.8±1.9 82.5±6.5 21.8±5.3
30 77.0±3.1 51.8±11.2 41.1±3.0
40 63.5±1.7 69.7±4.2 38.2±2.8
50 76.6±1.0 89.6±6.5 39.3±2.6
Metribuzin
10 57.7±3.4 83.5±2.0 62.8±10.2
20 82.3±6.0 99.5±0.9 83.2±3.0
30 84.1±1.8 100±0.0 80.1±9.21
40 92.5±1.5 100±0.0 84.1±2.26
50 91.4±3.3 100±0.0 100±0.0
Chlorpyrifos
10 41.3±7.8 39.5±13.7 14.3±8.7
20 59.4±5.0 52.3±7.8 37.4±9.9
30 59.2±1.3 69.1±1.6 78.3±10.7
40 45.1±7.3 75.9±2.5 84.6±0.8
50 52.3±3.9 86.6±4.6 94.2±5.1
23
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pesticides on this development. In spite of the fact 
that P. coccineus and P. gigantea presented good 
growth in the medium used, they did not show 
decolouration under the conditions of this study. 
The ligninolytic activity of T. versicolor was 
expressed as diffused spots compared to control 
(Plate 1); thus it was difficult to measure. Similar 
appearance was noticed in all treatments. T. versi-
color presented pronounced ligninolytic activity; 
however, it was not influenced by concentrations 
of pesticides or their mixture.
DISCUSSION
The research concerning the growth rates of 
fungi could be crucial for the extrapolation of the 
potential colonization ability in the discipline due 
to great knowledge provided on the progress of 
a fungus capability to colonize the substrate. Be-
sides, the growth rates may suggest which species 
could be dominant over a particular substrate; the 
rapidly developing species have a favourable po-
sition in comparison with slower isolates due to 
access and effectively usage of resources sooner 
than their competitors [Magan and Lacey, 1984]. 
Consequently, the enhanced fungal growth may 
benefit the imported species to predominate over 
the native soil organisms [Singleton, 2001]. 
In the screening experiments, the effects of 
different culture media on the growth of the five 
fungal inoculants (P. chrysosporium, P. ostrea-
tus, P. coccineus, P. gigantea and Τ. versicolor) 
and their tolerance to the pesticides linuron, me-
tribuzin and chlorpyrifos were investigated. All 
isolates demonstrated a good development in the 
MMY and soil extract (a nutritionally weak me-
dium in order to imitate the nutrient availability in 
soil) in relation to the conducive medium MEA. 
The growth of T. versicolor was not influenced 
in MMY, whereas it was decreased by approxi-
mately 20% for P. chrysosporium and P. coc-
cineus and 40% for P. ostreatus and P. gigantea 
in the same medium.
The response of all tested fungi to the pesti-
cides was affected by the dose of the chemicals 
and the individual or mixed application of them 
in a weak medium. Particularly, P. chrysosporium 
was very sensitive to linuron while P. coccineus 
and P. gigantea were the most tolerant fungi to 
30 mg L-1 concentration of this pesticide, demon-
strating 0% and 20% inhibition, respectively. 
In relation to chlorpyrifos (30 mg L-1), 
P. chrysosporium presented the highest sensitiv-
ity, whereas P. ostreatus showed the best toler-
ance, as compared to all the rest fungi. All the 
isolates, excluding P. chrysosporium, exhibited a 
very good ability to tolerate both metribuzin alone 
and pesticides mixture of 30 mg L-1, although all 
the species demonstrated a noticeable growth re-
duction. These outcomes distinctly contribute to 
the background information on the capability of 
fungi to grow in nutritionally poor media in the 
presence of the pesticides. 
Figure 3. Effect of linuron, metribuzin, chlorpyrifos individually and as a mixture (0, 10 and 20 mg L-1) on 
polyphenol oxidase activity by P. coccineus, P. gigantea and T. versicolor at 25oC (expressed as radius of enzyme 
activity halo means ± SE, n=3).
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The findings derived from the growth of the 
fungal isolates on the soil extract medium and the 
EC50 determination confirmed the initial screen-
ings. Specifically, all species showed sensitivity 
to the elevated linuron levels, whereas they tol-
erated metribuzin considerably. The most sensi-
tive fungi to chlorpyrifos were P. ostreatus and 
P. coccineus when compared to the others. P. 
ostreatus was extremely sensitive in the mixture 
of the pesticides and was not included in subse-
quent studies concerning the production of li-
gnolitic enzymes as well as the degradation of 
pesticides. Overall, the results clearly indicated a 
remarkable decrease of the fungal growth under 
the mixed pesticides, with respect to their indi-
vidual existence. Consequently, it is imperative 
to examine the impact of compounds within mix-
tures due to the potential interactions with bio-
logical structures which could induce remarkable 
changes to the toxicity level of a single xenobiotic 
[Hernando et al., 2003].
The studies in aqueous media are a positive 
approach to evaluate a the capacity of a microor-
ganism to effectively use a compound included 
in the substrate either as a sole carbon source or 
a growth supporting medium [Juhasz and Naidu, 
2000]. The literature review revealed both suc-
cess and failure when species, able to perform 
degradation of pesticides in aqueous culture, 
were imported into the soil [Shelton et al., 1996]. 
Many workers concluded to accordance between 
investigations on biodegradation in liquid me-
dia and bioremediation research in soil. Xeno-
biotics such as chlorinated pyridinol [Feng et 
al., 1997] and atrazine [Topp, 2001; Bastos and 
Magan, 2009] were efficiently depleted from soil 
and liquid matrices using microorganisms as de-
graders. In order to achieve the removal of the 
pentachlorophenol wood preservative from both 
aqueous culture and soil, Lamar et al. [1990] con-
cluded that Phanerochaete sordida was more ef-
fective in a liquid medium while Phanerochaete 
chrysosporium presented better efficiency in 
soil. All the afore-mentioned findings suggest 
that a reliable prediction could be provided rela-
tive to the environments in which species will be 
effective pesticide-degraders. 
Despite many literature reports investigated 
the ability of WRF to degrade single pesticides 
[Getenga et al., 2000; Maloney, 2001; Xu, 2007; 
Bastos and Magan, 2009; Gouma et al., 2014], 
very few have focussed on their degradative 
abilities concerning the mixture of pesticides 
as well as the response of these species under 
the interactions within mixed chemicals [Fra-
goeiro and Magan, 2008; Chu, 2008; Swarce-
wicz and Gregorczyk, 2012]. In this study, P. 
coccineus, P. gigantea and T. versicolor showed 
a great ability to grow efficiently with the vary-
ing concentrations of pesticides combination, in a 
low nutrient status substrate. 
Degradation of chlorpyrifos considerably 
varied among the fungal species as well as the 
range of its concentrations. P. coccineus succeed 
to remove this chemical compound almost at 
50%, even at the highest dose of 50 mg L-1 of the 
mixture, whereas the other two fungi did not pro-
vide efficient degradation of high concentrations 
of chlorpyrifos. Many studies reported chlor-
pyrifos depletion by several fungi and bacteria. 
P. chrysosporium was found to successfully min-
eralize chlorpyrifos [Bumpus et al., 1993]. More-
over, Xu et al. [2007] recorded that Paracoccus 
sp. strain TRP entirely depleted both chlorpyrifos 
and its metabolite TCP. Hypholoma fasciculare 
and Coriolus versicolor presented partial degra-
dation of the poorly available chlorpyrifos in a 
biobed system [Bending et al., 2002]. Further-
more, Penicillium brevicompactum, Trichoderma 
harzianum and several Aspergillus species found 
to exploit chlorpyrifos as both sulphur and phos-
phorus source [Omar, 1998]. 
All tested fungal inoculants failed to degrade 
metribuzin, even though they appeared toler-
ant with noticeably high EC50 values, as well. A 
possible explanation could be the short duration 
(21 days) of the specific experiment so that de-
toxification of metribuzin was not achieved. The 
statement above is advocated by the fact that four 
weeks incubation time required in liquid medium 
as well, for Rhizopus japonicus and Cunningha-
mella echinulata to transform metribuzin and to 
succeed a degradation rate of 27 to 45% by Fu-
sarium oxysporum, Penicillium lilacinum and 
Aspergillus niger [Schilling et al., 1985]. More-
over, in aquatic culture studies metribuzin re-
moval of more than 50% obtained by exclusively 
three from 53 tested fungal inoculants (Apsidia 
fusca, Botrytis cinerea and Sordaria superba) 
[Bordjiba et al., 2001].
T .versicolor presented the biodegradable 
efficacy of linuron, even at the concentration of 
50 mg L-1 of its mixture. Besides, the same isolate 
was an efficient degrader of dieldrin, simazine 
and trifluralin enhanced by the ability to express 
a rate of extracellular enzymes [Fragoeiro and 
Magan, 2008]. Furthermore, Caux [1998] stated 
that biodegradation is the most important mecha-
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nism for linuron dissipation from soil. Many re-
search studies demonstrated that microorganisms 
consortia rapidly mineralized linuron partially or 
even completely. Many of them supported that 
consortia used this pesticide as the sole source of 
nitrogen and carbon [Dejonghe, 2003; Sorensen 
et al., 2005; Danilovic et al., 2015].
In an attempt to find potential ligninolytic 
enzymes production by the tested fungi total li-
gnolytic activity and polyphenol oxidase assays 
were used, as they give basic knowledge on the 
activity of the total enzymes implicated in lignin 
degradation. The outcomes from the Petri plate 
assay concerning polyphenol oxidase activity 
[Rigling,1995] were notable, as all tested isolates 
(P. coccineus, P. gigantea and T. Versicolor) were 
capable to develop lignolytic activity in all the 
pesticide treatments. 
T. versicolor exhibited the greatest laccase 
activity under the conditions of this assay and 
it was less affected by pesticide concentrations. 
Only this fungus produced lignolytic enzymes 
[Sundman and Nase, 1971] compared to the oth-
ers, although they had a very good growth, un-
der the conditions of this trial. Haars et al. [1982] 
reported that this assay is a simple plate test for 
direct visualization of biological lignin degra-
dation based on the detection of only phenolic 
groups with ferrichloride-potassium-ferricyanide 
and possibly explains the ligninolytic enzymes 
absence. Moreover, positive growth but negative 
enzyme results could be due to the lack of enzyme 
production, the production but not release from 
the mycelium, the production and release but in-
hibition of detection by the medium, the fungus 
capability to utilise other materials in the medium 
in preference to the test substrate, or the fungus 
growing solely from the carbon source in the in-
oculum discs [Abdel-Raheem and Shearer, 2002]. 
Therefore, the absence of a reaction does not 
mean that species are unable to produce enzymes. 
CONCLUSION
We conclude that the WRF P. coccineus, 
P. gigantea and T. versicolor produce high lev-
els of polyphenol oxidase and have the capacity 
to tolerate and degrade mixtures of pesticides 
even under cultivation on weak media. These 
fungi are suggested for potential applications in 
bioremediation.
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